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Abstract
The weight records from Simmental beef cattle were used in a genetic evaluation of growth with or without the inclu-
sion of animals obtained by embryo transfer. A multi-trait model in which embryo transfer individuals were excluded
(MTM1) contained 29,510 records from 10,659 animals, while another model without exclusion of these animals
(MTM2) contained 62,895 weight records from 23,160 animals. The weight records were adjusted for ages of 100,
205, 365, 450, 550 and 730 days. The (co)variance components and genetic parameters were estimated by the re-
stricted maximum likelihood method. The (co)variance components were similar in both models, except for maternal
permanent environment variance. Direct heritabilities (h2d) in MTM1 were 0.04, 0.11, 0.20, 0.27, 0.31 and 0.42, while
in MTM2 they were 0.11, 0.11, 0.17, 0.21, 0.22 and 0.26 for 100, 205, 365, 450, 550 and 730 days of age, respec-
tively. Estimates of h2d in MTM1 were higher than in MTM2 for the weight at 365 days of age. Genetic correlations be-
tween weights in both models ranged from moderate to high, suggesting that these traits may be determined mainly
by the same genes. Animals from embryo transfer may be included in the genetic evaluation of Simmental beef cattle
in Brazil; this inclusion may provide potential gains in accuracy and genetic gains by reducing the interval between
generations.
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Introduction
In beef cattle breeding, dams exert a greater influence
on the phenotype of the progeny than sires. In addition to
their genetic contribution, females contribute to the mater-
nal environment of the progeny. The influence of maternal
environment on animal phenotype is known as the maternal
effect. Genetic differences among dams are expressed in
their offspring through the maternal environmental contri-
bution (Willham, 1963).
The efficacy of a breeding program depends on the
accuracy of the genetic evaluation to which individuals are
submitted. Consequently, there is a need to develop models
that can provide more reliable genetic parameters in order
to improve the classification of individuals and quantify
their contribution to genetic gain. To obtain a more reliable
estimate of (co)variance components and achieve better re-
sponses to selection it is essential to consider the produc-
tion and genealogy of females so that each effect (additive
direct genetic effect, additive maternal genetic effect and
maternal permanent environmental effect) can be properly
estimated (Pires and Lopes, 2001).
The reproductive rate of beef cattle can be combined
with the use of reproductive biotechnologies to accelerate
genetic changes in herds (Bilhassi et al., 2010). Among the
techniques available, embryo transfer (ET) has been used in
cattle and, when coupled with artificial insemination and
quantitative genetic techniques, allows large scale genetic
gains in animal breeding programs. Selection becomes
quicker and more accurate because of an increase in selec-
tion intensity and a decrease in the interval between genera-
tions due to several offspring per female (Costa and Silva,
2004). Based on simulated data, Souza (Souza GH, 2008,
PhD thesis, Universidade Federal de Viçosa, Viçosa, MG,
Brazil) reported that over a period of 42 years reproduction
by traditional methods would result in only six generations
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whereas a breeding program that included animals obtained
by ET would involve 14 generations.
However, the use of ET creates problems with the ge-
netic evaluation of animals because it does not allow esti-
mation of the maternal effects of the biological mother
(additive genetic effects and permanent environment ef-
fect) since the offspring are raised by a foster dam rather
than by the biological mother. The most common solution
to this problem is to exclude animals produced by ET from
the genetic evaluation of traits for which the maternal effect
may be important. This is done because the maternal per-
manent environmental effect is provided by the foster dam
rather than by the biological mother. Besides, in most cases,
the offspring of a single biological mother are raised by dif-
ferent foster cows. However, the exclusion of these animals
can reduce the accuracy of estimates of (co)variance com-
ponents and genetic parameters and the prediction of breed-
ing values.
An alternative to the foregoing approach would be to
include the genealogy of the biological mother in the analy-
sis of the additive maternal genetic effect (this would pro-
vide more accurate estimates of (co)variance components)
and exclude the genealogy of the biological mother (to
eliminate the maternal permanent environmental effect
provided by foster dams that are usually not Simmental
dams). To be possible the estimation of additive direct ge-
netic and additive maternal genetic effects, this approach
includes the foster dams as random effects in the model;
however, these dams are included with no known geneal-
ogy and no relationship with animals in the solutions vec-
tor. In addition, each progeny is considered to originate
from a different foster dam, i.e., even if a foster dam has
more than one progeny each calf is considered as if the fos-
ter dams were different (Van Vleck, 1990).
In a study of Simmental beef cattle using multi-trait
models for weight at 100 and 120 days, Bilhassi et al.
(2010) noted that higher direct heritability values were ob-
tained with models that included animals obtained by ET
and concluded that the inclusion of these animals provided
greater genetic gains in breeding programs. Since the inclu-
sion of animals from ET may lead to greater genetic gains
and since few studies have used this approach, the aim of
this work was to employ multi-trait models to assess the ef-
fect of including animals obtained by ET on genetic evalua-
tion in Simmental cattle.
Material and Methods
The database analyzed in this study consisted of the
weights of Simmental beef cattle from 485 farms and was
provided by the Brazilian Association of Simmental and
Simbrasil Breeders (Associação Brasileira de Criadores das
Raças Simental e Simbrasil - ABCRSS), located in the mu-
nicipality of Cachoeiro de Itapemirim, ES, Brazil. Weight
records from the 60th to the 819th days of age of animals
born between 1974 and 2006 were used.
Two data files were prepared for the analysis using
multi-trait models (MTM). In the first file (MTM1), ani-
mals produced by the ET technique were excluded whereas
in the second file (MTM2) these individuals were included.
The method proposed by Van Vleck (1990) was used in this
analysis. This method includes the genealogy of the biolog-
ical mother for estimation of the additive maternal genetic
effect and the foster dams with no known genealogy and no
relationship with animals present in the solutions vector,
thus allowing assessment of the additive direct genetic and
additive maternal genetic effect, as well as estimation of the
maternal permanent environmental effect.
Calves from cows whose ages at calving were < 700
and > 2340 days were excluded from the analyses. The con-
temporary group defined by animals of the same sex, year,
season (1 = January to March, 2 = April to June, 3 = July to
September and 4 = October to December) and farm of birth
was considered as the fixed effect while the age classes (in
days) of the cows at calving (class 1: 700-1,109; class 2:
1,110-1,519, class 3: 1,520-1,919 and class 4: 1,920-2,340)
were considered as a covariate in the linear and quadratic
effect. The additive direct genetic, additive maternal and
maternal permanent environmental effects were considered
as random effects. Contemporary groups with less than
three observations were excluded from the analyses.
The data files used in this study consisted of weights
adjusted for ages at 100 (W100), 205 (W205), 365 (W365),
450 (W450), 550 (W550) and 730 (W730) days old; these
weights corresponded to values obtained from animals in
the age intervals of 60-149, 150-299, 300-419, 420-499,
500-619 and 620-819 days old, respectively.
The weights were adjusted using the expression:
AWi = Wj + [(Wi - Wj)/(Di)] x (Ii)
where AWi = weight adjusted for age i, Wi = weight ob-
served close to standard age Ii, Wj = previous weight ob-
served at weight Di, Ii = standard age [i = 1 (100 days)... 6
(730 days) and Di = age (in days) of observation Wi.
Weight records outside the ranges defined by the av-
erage of the contemporary group (about three standard de-
viations) were excluded. After constraints, MTM1
consisted of 29,510 records from 10,659 animals (the prog-
eny of 1,289 sires and 7,332 dams) and MTM2 consisted of
62,895 records from 23,160 animals (the progeny of 1,558
sires and 9,699 dams). Tables 1 and 2 summarize the de-
scriptive statistics of files MTM1 and MTM2, respectively.
Table 3 shows the structure of MTM1 and MTM2 in rela-
tion to the number of records per animal. The pedigree of
the animals was renumbered using the program Renped de-
veloped by Silva (Silva FG, 2011, MSc thesis, Univer-
sidade Federal de Viçosa, Viçosa, MG, Brazil). The
numerator relationship matrix used in the analyses con-
tained 41,904 animals.
The organization of the data and consistency analysis
were done using SAS (2004) software. Estimates of the
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(co)variance components were performed with the re-
stricted maximum likelihood (REML) method (Patterson
and Thompson, 1971) using WOMBAT software (Meyer,
2007). The convergence criterion was defined as the default
setting of the software.
Multi-trait model
The traits were analyzed in pairs using two-trait anal-
ysis in which n = p(p - 1)/2, where n is the number of analy-
ses done and p is the number of traits (total of 15
combinations: W100-W205, W100-W365, W100-W450,
W100-W550, W100-W730, W205-W365, W205-W450,
W205-W550, W205-W730, W365-W450, W365-W550,
W365-W730, W450-W550, W450-W730 and W550-
W730). This analysis provided estimates of the (co)vari-
ance components and genetic parameters.
The animal model, with six weight traits (weight at
100, 205, 365, 450, 550 and 730 days of age), was de-
scribed in matrix notation as follows:
y X Z d Z m Z mp e
1 2 3
    
where y = vector of observations,  = vector of fixed ef-
fects, d = vector of additive direct genetic random effects,
m = vector of additive maternal genetic random effects,
mp = vector of maternal permanent environmental random
effects, X = incidence matrix for fixed effects, Z1, Z2 and
Z3 = incidence matrices for additive direct genetic, additive
maternal genetic and maternal permanent environmental
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Table 1 - Description of weights from file MTM1 pre-adjusted to 100 (W100), 205 (W205), 365 (W365), 450 (W450), 550 (W550) and 730 (W730) days
old.
Weight N Sires Dams CG Mean (kg) SD (kg) CV (%) Min (kg) Max (kg)
W(100) 6 236 975 4 606 1 192 130.8 40.3 30.8 49.1 319.6
W(205) 7 938 1 119 5 740 1 389 222.6 60.4 27.1 88.8 446.7
W(365) 6 070 961 4 504 1 208 338.5 83.8 24.8 156.6 639.6
W(450) 3 666 738 3 458 960 380.5 90.3 23.7 177.3 678.1
W(550) 3 468 693 2 790 902 441.1 104.5 23.7 196.5 793.2
W(730) 2 132 505 1 815 636 562.7 141.6 25.2 238.1 1 108.5
Table 2 - Description of weights from file MTM2 pre-adjusted to 100 (W100), 205 (W205), 365 (W365), 450 (W450), 550 (W550) and 730 (W730) days
old.
Weight N Sires Dams CG Mean (kg) SD (kg) CV (%) Min (kg) Max (kg)
W(100) 13 102 1 197 6 247 2 029 130.5 38.7 29.7 46.4 319.6
W(205) 16 585 1 352 7 652 2 380 224.1 57.6 25.7 83.7 454.2
W(365) 13 090 1 173 6 155 2 099 341.1 79.6 23.3 154.5 641.1
W(450) 7 930 917 4 260 1 657 383.0 85.1 22.2 177.3 678.1
W(550) 7 551 859 4 037 1 557 447.3 100.1 22.4 193.6 815.8
W(730) 4 637 653 2 746 1 125 566.4 133.5 23.6 238.1 1 108.5
CG - contemporary groups; CV - coefficient of variation; Max - maximum value; Min - minimum value; N - number of observations; SD - standard devia-
tion.
Table 3 - Number of records per animal in files MTM1 and MTM2.
MTM1 MTM2
Records Number of animals Percentage (%) Number of animals Percentage (%)
Total 10 659 100 23 160 100
Animals with 1 record 2 915 27.35 6 473 27.95
Animals with 2 records 2 401 22.53 5 433 23.46
Animals with 3 records 1 938 18.18 4 352 18.79
Animals with 4 records 1 624 15.23 3 243 14.00
Animals with 5 records 1 203 11.29 2 426 10.48
Animals with 6 records 578 5.42 1 233 5.32
random effects, respectively, and e = vector of residual ran-
dom effects.
In using this model, the following assumptions were:
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where Gd = (co)variance matrix of additive direct genetic
effects, Gm = (co)variance matrix of additive maternal ge-
netic random effects, Q = (co)variance matrix of maternal
permanent environmental random effects, R = (co)variance
matrix of residual random effects, A = numerator relation-
ship matrix, Iv = identity matrix whose order is the number
of dams, In = identity matrix whose order is the number of
observations and = Kronecker product operator.
The covariance between additive direct genetic and
additive maternal genetic effects was assumed to be equal
to zero.
Results and Discussion
Figure 1 shows that the direct genetic variances (2d)
for both models (MTM1 and MTM2) tended to increase
during growth, although the estimates for MTM2 were gen-
erally lower than those for MTM1, i.e., the inclusion of ani-
mals originating from ET reduced the additive genetic
variances. The estimates of additive genetic variances ob-
tained here differed from those reported by Bilhassi et al.
(2010) for this same breed of beef cattle.
The estimates of maternal genetic variances (2m)
showed a similar behavior, except that the values for
MTM2 were generally higher than those for MTM1 (Figu-
re 1). These estimates increased up to 205 days of age then
decreased from 205 to 365 days, with a new increase from
365 to 450 days and another drop from 450 to 550 days, fol-
lowed by a marked increase in the last age interval, espe-
cially in MTM2. Increases in the estimates of 2m until
weaning are expected since this period corresponds to the
interval of greatest maternal influence. The behavior of ma-
ternal genetic variances observed here was similar to that
reported by Menezes (Menezes GRO, 2010, PhD thesis,
Universidade Federal de Viçosa, Viçosa, MG, Brazil) and
Sousa Júnior et al. (2010) for Tabapuã beef cattle.
The behavior of maternal permanent environmental
variances (2mp) in MTM1 and MTM2 diverged at various
intervals along the growth curve (Figure 1). In MTM1, this
variance increased progressively along the growth curve,
whereas in MTM2 the variance increased up to 365 days
and then dropped from 365 to 450 days, followed by a fur-
ther increase from 450 to 550 days and a decline from 550
days. Bilhassi et al. (2010) also observed divergent behav-
ior for the maternal permanent environmental variance in
Simmental cattle. The difference in the behavior of 2mp be-
tween MTM1 and MTM2 may be a reflection of variation
in the average number of calves per cow at different age in-
tervals in the same model. In MTM2, the average number
of calves per cow was 2.3. At ages W450, W550 and W730,
in which the maternal permanent environmental variance
oscillated, this average was lower and may have influenced
the estimates.
The estimates of residual variance (2e) increased
with age, with no significant differences between MTM1
and MTM2. This lack of divergence may be a reflection of
the decrease in the number of records at more advanced
ages, leading to an increase in the residual and scale effect.
Likewise, the phenotypic variance (2p) also increased al-
most linearly with age in both models. This finding agreed
with the results of Marques et al. (1999), Baldi-Rey et al.
(2010), Menezes (2010) and Boligon et al. (2010), who re-
ported a similar linear behavior for other beef cattle breeds.
The direct heritabilities (h2d) were of medium magni-
tude and similar in both groups, ranging from 0.04 to 0.42
in MTM1 and from 0.11 to 0.26 in MTM2. However, at
older ages, the estimates were higher in model MTM1 com-
pared to MTM2 (Table 4). These results were similar to
those reported by Marques et al. (2000), who reported di-
rect heritability values of 0.08, 0.13, 0.19 and 0.24 at ages
W100, W205, W365 and W550, respectively, in a model
similar to MTM1, in this same cattle breed. The similarity
in the values for MTM1 and MTM2 seen here may indicate
that the inclusion of animals from ET allows congruent or
even higher genetic gains in a breeding program, mainly by
increasing the accuracy of selecting females and young ani-
mals.
The maternal heritability (h2m) estimates were similar
in the two models but tended to be low, with values ranging
from zero to 0.06; Marques et al. (2000) also reported esti-
mates of h2m varying from zero to 0.05 in this same breed.
However, in contrast to h2d, the estimates of h
2
m for MTM1
were slightly lower than those for MTM2. The lower mater-
nal heritability values for MTM1 may possibly be associ-
ated with higher direct heritability values because of differ-
ences in the partitioning of additive direct and additive
maternal genetic variances for weights from 100 days until
maturity.
The proportion of maternal permanent environment
variances (mp2) were similar in MTM1 and MTM2, indi-
cating that although the foster dams had a different genetic
composition there was no difference in the variation be-
tween the two groups. In a similar study, Bilhassi et al.
(2010) reported approximate mp2 values for analyses with
and without animals obtained by ET.
There were no differences in the estimates of residual
variance (ec2) as proportion of phenotypic variance, for
MTM1 and MTM2. This finding indicates that animals ob-
tained by ET can be included and that there may be gains in
accuracy when appropriate methods are used.
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In the two models used here, the direct genetic corre-
lations ranged from moderate to high, indicating that the
traits are partly determined by the same genes and that se-
lection for one of these traits will result in favorable re-
sponses for the others, i.e., genetic gains can be obtained at
a given age by selection at another (Table 5). These results
are similar to those reported by Dib et al. (2008) who re-
ported values from 0.84 to 1.0 for several weights in Sim-
mental beef cattle. In addition, the high correlation between
weight at earlier ages and mature weight indicated that the
selection of animals for greater weight at earlier ages would
probably result in greater weight at maturity.
The residual correlations between MTM1 and MTM2
were similar but of lower magnitude when compared with
additive direct genetic correlations. These values are coher-
ent with those reported for Simmental beef cattle (Marques
et al., 2000; Dib et al., 2008; Bilhassi et al., 2010).
Table 6 shows estimates of the maternal genetic and
maternal permanent environmental correlations. Overall,
maternal genetic correlations were high for MTM1 and me-
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Figure 1 - Average estimates of additive direct genetic (2d), additive maternal genetic (
2
m), maternal permanent environmental (
2
mp), residual (
2e)
and phenotypic (2p) variances from data files MTM1 (▲) and MTM2 (■) for weights at 100 (W100), 205 (W205), 365 (W365), 450 (W450), 550
(W550) and 730 (W730) days old.
dium to high for MTM2. However, these correlations di-
verged considerably at certain ages, in which negative
estimates were observed for MTM1. These results differ
from those reported by Menezes (2010), who obtained high
positive correlations in Tabapuã beef cattle. In contrast, the
estimates of maternal permanent environmental correla-
tions were positive, except for that between W100 and
W730 (-0.16) in MTM2; the values in this model were
moderate to high and were slightly higher in MTM1 (Ta-
ble 6). Medium to high values indicate that the environmen-
tal effects promoted by the dam during the pre-weaning
phase are of fundamental importance throughout the life of
the animal. This finding reinforces the need for cows with a
good maternal ability to ensure the success of breeding
programs in beef cattle (Menezes, 2010).
The phenotypic correlations estimated among ages
W100, W205, W365, W450, W550 and W730 in MTM1
and MTM2 were of medium magnitude and higher at closer
ages (Table 7). These findings were similar to those re-
ported by Marques et al. (2000), who reported phenotypic
correlations from 0.31 to 0.74.
Conclusions
The influence of including animals obtained by the
ET technique in genetic evaluations can be assessed using
multi-trait models. In the case of Simmental beef cattle, the
inclusion of such animals can lead to gains in the accuracy,
as well as greater genetic gains, because of the decrease in
the interval between generations.
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Table 4 - Estimates of direct (h2d) and maternal (h
2
m) heritabilities and
proportion of maternal permanent environmental (mp2) and residual
(ec2) variances in relation to total phenotypic variance obtained from
data files MTM1 and MTM2 (in parentheses) for weights at 100 (W100),
205 (W205), 365 (W365), 450 (W450), 550 (W550) and 730 (W730)
days old.
Weight h2d
a h2m
a mp2 a ec2 a
W100 0.04 (0.11) 0.01 (0.01) 0.09 (0.14) 0.85 (0.74)
W205 0.11 (0.11) 0.01 (0.02) 0.08 (0.10) 0.81 (0.76)
W365 0.20 (0.17) 0.00 (0.01) 0.08 (0.12) 0.72 (0.71)
W450 0.27 (0.21) 0.01 (0.03) 0.10 (0.10) 0.62 (0.66)
W550 0.31 (0.22) 0.00 (0.01) 0.08 (0.10) 0.61 (0.67)
W730 0.42 (0.26) 0.03 (0.06) 0.06 (0.03) 0.50 (0.65)
aAverage of two-trait analyses for MTM1 and MTM2 (in parentheses).
Table 5 - Estimates of direct genetic (above the diagonal) and residual (below the diagonal) correlations obtained from files MTM1 and MTM2 (in paren-
theses) for weights at 100 (W100), 205 (W205), 365 (W365), 450 (W450), 550 (W550) and 730 (W730) days old.
Weight W100 W205 W365 W450 W550 W730
W100 - 0.99 (0.82) 0.92 (0.69) 0.66 (0.59) 1.00 (0.75) 0.82 (0.71)
W205 0.63 (0.66) - 0.99 (0.92) 1.00 (0.86) 0.96 (0.87) 1.00 (0.76)
W365 0.21 (0.29) 0.41 (0.49) - 0.94 (0.98) 0.93 (0.95) 0.83 (0.80)
W450 0.35 (0.39) 0.39 (0.47) 0.90 (0.90) - 0.98 (0.97) 0.92 (0.88)
W550 0.16 (0.29) 0.32 (0.41) 0.76 (0.77) 0.87 (0.89) - 1.00 (0.95)
W730 0.06 (0.18) 0.24 (0.35) 0.53 (0.59) 0.65 (0.72) 0.62 (0.74) -
Table 6 - Estimates of maternal (above the diagonal) and maternal permanent environmental (below the diagonal) genetic correlations obtained from files
MTM1 and MTM2 (in parentheses) for weight at 100 (W100), 205 (W205), 365 (W365), 450 (W450), 550 (W550) and 730 (W730) days old.
Weight W100 W205 W365 W450 W550 W730
W100 - 1.00 (1.00) 1.00 (1.00) 1.00 (1.00) -1.00 (0.48) -1.00 (0.96)
W205 1.00 (0.75) - -1.00 (1.00) -0.19 (0.69) -1.00 (0.64) -0.96 (0.65)
W365 0.88 (0.44) 0.89 (0.57) - 0.08 (1.00) 1.00 (1.00) -1.00 (0.99)
W450 0.69 (0.54) 0.67 (0.96) 1.00 (0.97) - 1.00 (1.00) -1.00 (0.79)
W550 0.82 (0.46) 1.00 (0.53) 0.85 (0.86) 1.00 (0.98) - 0.99 (0.40)
W730 1.00 (-0.16) 1.00 (0.54) 1.00 (0.97) 1.00 (1.00) 1.00 (1.00) -
Table 7 - Estimates of phenotypic correlations obtained from files MTM1
(above the diagonal) and MTM2 (below the diagonal) for weights at 100
(W100), 205 (W205), 365 (W365), 450 (W450), 550 (W550) and 730
(W730) days old.
Weight W100 W205 W365 W450 W550 W730
W100 - 0.69 0.34 0.42 0.30 0.19
W205 0.69 - 0.53 0.53 0.46 0.4
W365 0.37 0.57 - 0.91 0.81 0.61
W450 0.44 0.56 0.92 - 0.91 0.74
W550 0.33 0.51 0.81 0.92 - 0.81
W730 0.27 0.44 0.64 0.76 0.81 -
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